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, $a^{*}$ , $\omega^{*}$ , $c_{0}$
. , , /\ M ,
$0<M\ll 1$ ( ) ,
.
, $a\equiv a^{*}/r_{0}$ ( ,
$r_{0}$ ) \epsilon $\equiv\omega^{*}r_{0}/c_{0}$
, .
$\{$
$(a)$ $a\ll<1$ , $\hat{\mathrm{c}}\gg 1$ ( )
$(b)$ $a\ll 1$ , $\epsilon=O(1)$ ( )
$(c)$ $a=O(1)$ , $\epsilon\ll 1$ ( )
, ( )
( ) . (a), (b) ,
( [1]\sim [3] ), (c)









. , , “ ”
, –
, $\mathrm{N}$ .
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2.
, $Re$ :
$Re\gg 1$ , $Re \equiv\frac{c_{0}a^{*}}{\delta}$ (2.1)
, $\delta$ ( [6] ). , ,
.
, , , \Phi *
, .
$( \nabla^{2}-\frac{1}{c_{0}^{2}}\frac{\partial^{2}}{\partial t^{*2}})\Phi^{*}=\frac{1}{c_{0}^{2}}[\frac{\partial}{\partial t^{*}}(\frac{\partial\Phi^{*}}{\partial r^{*}})2*+(\gamma-1)\triangle\Phi\frac{\partial\Phi^{*}}{\partial t^{*}}$
$+ \frac{1}{2}(\gamma-1)(\frac{\partial\Phi^{*}}{\partial r^{*}})^{2}\triangle\Phi^{*}+\frac{1}{2}(\frac{\partial\Phi^{*}}{\partial r^{*}}\cdot\frac{\partial}{\partial r^{*}})(\frac{\partial\Phi^{*}}{\partial r^{*}})^{2}]$ (2.2)
, , \mbox{\boldmath $\gamma$} . , $u^{*}$ ,
$p^{*}$ $\Phi^{*}$ .
$u^{*}= \frac{\partial\Phi^{*}}{\partial r^{*}}$ , $p^{*}=p_{0}[\{$ $1- \frac{\gamma-1}{c_{0}^{2}}[\frac{\partial\Phi^{*}}{\partial t^{*}}+\frac{1}{2}(\frac{\partial\Phi^{*}}{\partial r^{*}})2]\}\overline{\gamma}\underline{2}\overline{1}-\cdot 1]$ (2.3)
, $P\mathrm{o}$ . - , .
$r^{*}=r_{s}^{*}(t^{*})$ $\frac{\partial\Phi^{*}}{\partial r^{*}}=\frac{dr_{S}^{*}(t^{*})}{dt^{*}}$ (2.4)






















$r_{s}= \frac{r_{S}^{*}}{r_{0}}$ , $u=u^{*},$
$\underline{p^{*}}$
(3.1)
, $\epsilon\ll 1$ 1 ,
$\triangle\Phi=0$ , $( \triangle\equiv\frac{\partial^{2}}{\partial r^{2}}+\frac{2}{r}\frac{\partial}{\partial r})$ (32)
( )[4]. –




$7’\equiv k^{*}\sim r^{*}=\epsilon r$ (.3.5)
.
, $\epsilon\ll 1$ 1 ,
$\triangle\Phi=\sim\frac{\partial^{2}\Phi}{\partial t^{2}}$ , $( \triangle\equiv\sim\frac{\partial^{2}}{\partial\tilde{r}^{2}}+\frac{2}{\tilde{r}}\frac{\partial}{\partial\tilde{r}})$ (3.6)
[4]. –
$\Phi=\frac{f_{\mathit{0}}(t-\tilde{r})}{\tilde{r}}$ (3.7)
, $\tilde{r}\ll 1$ . ,
$\tilde{r}\ll 1$ $\frac{f_{\mathit{0}}(t-\uparrow^{\backslash })\sim}{\tilde{r}}=-\frac{f_{i}(t)}{r}+g_{i}(t)$ (3.8)
, $f_{\mathit{0}},$ $g_{i}$ [4].
$\{$
$f_{\mathit{0}}(t)=-\epsilon fi(t)$ . . . $(a)$

















, 1 . 1 $(a)$ –
, (
) ( ) , ( ) ,
(3.13) ( ) ,
\mbox{\boldmath $\phi$} $=0$ , \mbox{\boldmath $\phi$} $=2\pi$
. , , $(\phi=0)$
( $\phi\geq 2\pi$(– ), $\phi\geq$ \mbox{\boldmath $\pi$}( ); )




$\frac{\partial w}{\partial z}-w\frac{\partial w}{\partial\phi}=0$ , (4.1)




. $w$ ( )




, $\psi$ , $\psi=\phi-z\epsilon^{3}f\mathrm{o}’(\psi)$ , $\psi=\psi(z, \phi)$ .
5.
A.
. , , (4.1) , .





( ) 2(– ) 3( ) . –
, $(\phi_{wf})$ , $(\phi_{sf})$ , $(\phi_{sr})$
“ ” , –
, $\mathrm{N}$ . - , 4
“ ”, ,





$( \frac{\partial\tau\iota^{*}}{\partial r^{*}})_{t^{*}}arrow-\infty$ (5.1)
. , $|/V=w/\epsilon^{3},$ $Z=\epsilon^{3}z$ ,
$( \frac{\partial\nu 1/^{-}}{\partial\tilde{r}})_{t}=(\frac{\partial \mathrm{T}/\mathrm{T}^{7}J}{\partial\eta})_{t}(\frac{\partial\eta}{\partial\tilde{r}})_{t}arrow-\infty$, $(\eta=7^{n}+WZ\sim$ : $\text{ }b\ovalbox{\tt\small REJECT} 7_{\#}\mathrm{f}\mathrm{f}\mathrm{i})$ (5.2)
$\tilde{r}$ . , (4.2) ,
$( \frac{\partial\gamma^{\sim}}{\partial\eta},$ $)_{t}=1-Zf_{\mathit{0}}’’(\psi)=^{\mathrm{o}}$ (5.3)
87
$z(=Z_{S})$ , $\text{ }$. . 5












. , $c\mathrm{o}$ ( 1
), .
(2) , 3
, , $\mathrm{N}$ .
(3) , , .
(4) , , $(a=1)$
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